A b s t r a c t
Pleural effusion appears in approximately 40% of patients with pneumonia. Given that microbiology results are often negative, its diagnosis is frequently based on clinical criteria. Our study consisted of 266 patients, divided into infectious (n = 34), tuberculous (n = 54), paraneoplastic (n = 63), miscellaneous exudates (n = 53), and transudates (n = 62). Interleukin (IL)-6, IL-8, and IL-1β were measured in the pleural
Pleural effusion is a common complication in numerous diseases, and the differential diagnosis is occasionally difficult to obtain without using invasive procedures. [1] [2] [3] Although there is currently a wide variety of laboratory tests, a significant portion of pleural fluids of infectious origin remain undiagnosed, 4 or diagnosis is exclusively based on clinical evidence because 30% to 35% of microbiologic studies on pleural fluids of parapneumonic origin have a negative culture.
In infections, fractions of the cell wall and other components associated with bacterial membrane can stimulate monocytes, macrophages, lymphocytes, and other cells present in the pleural space to liberate the different endogenous inflammatory mediators or cytokines responsible for the host response to these microorganisms. 5 Our objective was to find out if any of these proinflammatory cytokines, such as interleukin (IL)-6, IL-8, and IL-1β could help in the differential diagnosis of pleural fluids of nontuberculous infectious origin.
IL-6 is an immune system mediator that takes part in a large variety of biologic actions. It functions as a differentiation factor for B cells and acts as an activation factor of T cells. 4, 6 Many types of cells, such as monocytes, macrophages, fibroblasts, endothelial cells, keratinocytes, T cells, and several tumor lines, can synthesize IL-6. Increased serum levels of IL-6 may be produced in different diseases, such as sepsis, autoimmune diseases, lymphomas, AIDS, liver cirrhosis, and in patients with infections or transplant rejection. 7 IL-8 is a nonglycosylated protein, and one of its most important biochemical functions is that it acts as a chemoattractant for neutrophils. 8 Initially, IL-8 was purified from monocytes, which are believed to be the major source of the protein, but many other cell types can synthesize IL-8, such as endothelial cells, epithelial cells, hepatocytes, fibroblasts, and chondrocytes. 8 IL-1, an inflammatory cytokine mainly produced by activated macrophages and peripheral neutrophils, has an essential role in the activation of T cells. 9 It stimulates IL-2 production and secretion and the expression of IL-2 receptors by means of auxiliary cells. It stimulates the activation and differentiation of natural killer cells, fibroblasts, and thymocytes.
Materials and Methods

Cases
A retrospective study was performed on samples from all patients with pleural effusion (N = 266) seen at our center between 2007 and 2009. They were classified into the following 5 diagnostic groups according to previous established criteria 10 : infectious (n = 34), which included 20 parapneumonic effusions (from 16 males and 4 females; mean ± SD age, 62.3 ± 15.9 years) and 14 empyemas (from 9 males and 5 females; mean ± SD age, 49.3 ± 18.5 years); tuberculous (n = 54; from 33 males and 21 females; mean ± SD age, 32.3 ± 17.1 years); paraneoplastic (n = 63; from 33 males and 30 females; mean ± SD age, 61.8 ± 15.9 years); miscellaneous exudates (n = 53; from 34 males and 19 females; mean ± SD age, 57.3 ± 18.4 years); and transudates (n = 62; from 43 males and 19 females; mean ± SD age, 70.2 ± 11.5 years).
Samples
Withdrawal of pleural fluid by thoracentesis and peripheral blood by venipuncture was performed during fasting. Both samples were collected into BD Vacutainer tubes (Becton Dickinson, Plymouth, England), with EDTA for cell counts and a plain tube for processing the supernatant after centrifugation at 2,500g for 10 minutes.
Cell Counts
Total WBC and differential counts were performed on the pleural fluid and peripheral blood samples by using the ADVIA 2120 Hematology analyzer (Siemens Healthcare Diagnostics, Tarrytown, NY). The pleural fluid differential count was performed by using a conventional optical microscope.
Interleukin Determinations
IL-6 was determined by using a solid-phase, enzymelabeled, chemiluminescent sequential immunometric assay on an IMMULITE 2000 Analyzer (Siemens Medical Solutions Diagnostics, Tarrytown, NY). IL-8 and IL-1 were measured by using a solid-phase, 2-site, chemiluminescent immunometric assay (IMMULITE/IMMULITE IL-8 and IMMULITE/IMMULITE IL-1β) on an IMMULITE 1000 Analyzer (Siemens Medical Solutions Diagnostics).
Total Protein Measurements
The determination of total protein was carried out on the ADVIA 2400 (Siemens Healthcare Diagnostics) by using the total protein ADVIA reagent based on the biuret method (cupric sulfate in an alkaline solution). Peptide bonds of proteins interact with copper ions to form a purple complex that is measured at 545 nm in the reaction end point.
Lactate Dehydrogenase Measurements
The determination of lactate dehydrogenase (LDH) was carried out on the ADVIA 2400 (Siemens Healthcare Diagnostics) by using the ADVIA LDPL reagent based on the extinction coefficient of NADH (reduced form of nicotinamide adenine dinucleotide [NAD] ). LDH catalyzes the conversion of pyruvate to lactate, which causes the oxidation of NADH to NAD. The rate of oxidation, which is directly proportional to the LDH activity, is monitored by measuring the reduction of absorbance at 340/410 nm.
Statistical Analysis
After checking for normality of the distributions by using the D'Agostino-Pearson test, the different populations were analyzed by calculating the median and the 5th and 95th percentiles. The comparisons of the various parameters in the different diagnostic groups were performed using analysis of variance. A P value of less than .05 was considered statistically significant. The analysis of the receiver operating characteristic (ROC) curve enabled the cutoff values to be established for the different determinations based on the maximum diagnostic efficiency. 11 Statistical analysis was performed by using the MedCalc software program, version 10.4.8.0 (MedCalc Software, Mariakerke, Belgium).
Results
❚Table 1❚ presents the statistical analysis for the interleukins analyzed in the pleural fluid and blood samples, along with the cell counts obtained and the pleural fluid/ serum (P/S) ratio of the interleukins. IL-6, IL-8, and IL-1, measured in the pleural fluid (PIL-6, PIL-8, and PIL-1, respectively), showed statistically significant differences in all diagnostic groups compared with the nontuberculous infectious effusions group (P < .001), having their highest levels, in all cases, in the infectious group. Likewise, their levels in peripheral blood (serum), SIL-6, SIL-8, and SIL-1, respectively, showed significant differences in all groups compared with the infectious (P < .001), except for SIL-1 in the miscellaneous exudates group (P < .080), although the values in all effusion types overlapped considerably.
The differences were also significant (P < .001) for the total and differential cell counts in pleural fluid (Table 1 ; leukocytes, neutrophils [PNEU], lymphocytes, and macrophages), with all the populations being higher in the infectious group, except the lymphocyte population, which did not show any statistical differences in tuberculous effusions (P = .539) or miscellaneous exudates (P = .454); this cell population was higher in both groups than in the effusions of nontuberculous infectious origin.
The study of total protein in pleural fluid showed statistically significant differences only compared with the transudate group, as expected. However, the LDH in pleural fluid showed significant differences in all diagnostic groups when compared with the pleural fluid group with nontuberculous infection, although the areas under the curve for both parameters (0.578 and 0.722) were lower than for the pleural fluid cell counts.
The analysis of P/S ratios of the cytokines (P/S IL-6, P/S IL-8, and P/S IL-1: Table 1 ) showed statistically significant differences in all groups compared with nontuberculous infectious effusions, although the P/S IL-6 pleural ratio was significantly higher in the tuberculous group (2,071) than in the infectious group (791), but the difference was not significant (P = .603). The analysis of the ratios clearly showed that the levels of the different cytokines in all pleural effusion groups were higher in the pleural fluid than in serum.
ROC curve analysis ❚Table 2❚ of the different parameters showed that the absolute neutrophil count, with an area under the curve (AOC) of 0.816, for a cutoff value of more than 1,115 cells/mm 3 , had a sensitivity of 62.9%, a specificity of 91.1%, a positive likelihood ratio (LR) of 7.04, and a negative LR of 0.41 for the diagnosis of a parapneumonic/ empyematous pleural effusion. Of the cytokines studied, PIL-1 had the best diagnostic value, having a sensitivity of 55.6%, a specificity of 91.3%, a positive LR of 6.42, and a negative LR of 0.49, for a cutoff value of 19.1 pg/ mL. There were no statistically significant differences in the sensitivity or specificity between PIL-1 and the pleural fluid neutrophil count, although its AOC was slightly lower (0.739 compared with 0.816); the difference, however, was not significant (P = .144).
As shown in Table 2 , the P/S ratio of the cytokines studied (IL-6, IL-8. and IL-1) did not have any additional advantage. Their AOCs of 0.626, 0.693, and 0.660, respectively, are lower than the values obtained for their determination in pleural fluid (0.704, 0.708, and 0.739, respectively) and those obtained for the total cell and neutrophil counts (0.752 and 0.816, respectively).
❚Table 3❚ shows the combined analysis of the increased presence of the different interleukins measured in pleural fluid and their combination with the absolute neutrophil count in that sample. It can be seen that the criterion PIL-1 and/or PNEU above the corresponding cutoff values (>77,363 pg/ mL and 1,115 cells/mm 3 , respectively) had a sensitivity of 75.7%, a specificity of 83.1%, a positive LR of 4.48, and a negative LR of 0.29, significantly improving (P < .0001) the results obtained with any of the parameters shown in Table  2 . Likewise, the criterion PIL-6 and/or PIL-1 and/or PNEU above the cutoff levels established had a sensitivity of 77.8%, a specificity of 81.8%, a positive LR of 4.27, and a negative LR of 0.27, slightly higher than the previous criterion, but with no statistically significant difference. shows the correlations of the 3 cytokines (PIL-6, PIL-8, and PIL-1) with their values in peripheral blood (SIL-6, SIL-8, and SIL-1) and the cell counts obtained in the corresponding pleural fluid (leukocytes, PNEU, lymphocytes, and macrophages). PIL-6 had a statistically significant correlation with IL-8 and IL-1 in pleural fluid but not with their peripheral blood levels. Likewise, there was a statistically significant correlation with the total WBC count in pleural fluid and the neutrophil and lymphocyte fractions but not with macrophages. PIL-8 correlated with IL-6 and IL-1, determined in pleural fluid and serum, but not with IL-1 peripheral blood levels. As regards the cell populations, unlike PIL-6, PIL-8 correlated significantly with lymphocytes and macrophages measured in pleural fluid. For macrophages, the correlation was negative, but PIL-8 did not show any significant correlation with the total WBC and neutrophil counts. PIL-1 correlated significantly with PIL-6 and PIL-8 and, like PIL-6, with the total WBC, neutrophil, and lymphocyte counts in pleural fluid but not with the macrophage count. PIL-1, paradoxically, showed a significant correlation with the SIL-6 values, but not with the SIL-8 or SIL-1 values, and these nonsignificant correlations were negative. The values for PIL-6 and PIL-8 correlated with their corresponding peripheral blood levels (SIL-6 and SIL-8).
Discussion
Pleural effusion is a common complication in numerous diseases and is present in approximately 40% of patients who require hospitalization due to pneumonia. 12 Nevertheless, the microbiologic analysis of pleural fluid gives negative results in 30% to 35% of cases, 3 and the sensitivity of cytologic examination of the pleural fluid and biopsy, even combined, is generally lower than 75%. 1 In view of these results, a series of laboratory tests, such as cytokine measurements, have been used to try to help in the diagnosis of pleural effusions.
Cytokines are proteins with a relatively low molecular weight that are secreted by cells in response to a variety of stimuli and act as key mediators of the host response to diverse infectious, inflammatory, and immunologic changes. 4 During the development of inflammation in the pleural space, the migration and activation of leukocytes in this space may be due to soluble mediators liberated by the cells of the pleural space that are activated by various stimuli 8 and that, in turn, attract and activate more cell populations in the pleural space, triggering an inflammatory cascade.
The diagnosis of pleural fluid of infectious origin has extra importance, given that the diagnosis depends on, as with malignant effusions, future diagnostic and therapeutic strategies, which are of great importance to patients. The rapidity of their introduction facilitates their response and a decrease in health care costs and clinical complications that could increase patient morbidity and mortality. Hence, it is important to look for new parameters that may enable these effusions to be diagnosed better and quicker.
In the study of PIL-6, as shown in ❚Table 5❚, only 38% of patients in the infectious group had values higher than the cutoff level of 77,363 pg/mL (35% of parapneumonic effusions and 43% of empyemas), which is shown in the low sensitivity of 38.2% for this parameter (Table 2 ). However, PIL-6 showed good specificity (97.4%) because only 6 effusions of 232 noninfectious effusions had a PIL-6 value above the cutoff value (4 tuberculous effusions, 1 paraneoplastic, and 1 transudate). These data are markedly different in the literature. Unlike the findings of others, 4, 13, 14 in our study, the highest PIL-6 values were observed in the parapneumonic effusions and not in the tuberculous effusions, in which only 7% had values above the cutoff. In our study, 100% of the 53 miscellaneous exudates had a PIL-6 value lower than the cutoff value. These data seem very significant to us because although the majority of exudate groups are infectious and paraneoplastic, a considerable percentage (in our case, 20%) are effusions caused by other diseases ❚Table 6❚. In cases in which the diagnosis is not easy but there is a PIL-6 value above 77,363 pg/mL, the presence of other diseases that are not infectious or neoplastic processes can be ruled out in a pleural exudate. We have not found any references in the literature to these types of effusions. Like the findings of Duysinx et al, 1 IL, interleukin; PIL, IL in pleural fluid; PLDH, pleural fluid lactate dehydrogenase level; PLEU, pleural fluid leukocyte count; PLYM, pleural fluid lymphocyte count; PMAC, pleural fluid macrophage count; PNEU, pleural fluid neutrophil count; P/S, pleural fluid/serum ratio; PTP, pleural fluid total protein level; SIL, IL in serum (peripheral blood sample). * Data are given as number (percentage).
was not increased in malignant effusions; only 2% had values above the cutoff. However, Marie et al 15 and Alexandrakis et al 16 did not find any differences between infectious and paraneoplastic effusions as regards the PIL-6 level. However, these data and the low sensitivity of PIL-6 (38.2%) rather limit its diagnostic use.
The determination of IL-6 in serum, although more sensitive (76.9%), has a low specificity (59.5%). Its AOC is lower than in the determination of PIL-6 (0.683 vs 0.704). Therefore, SIL-6 in itself does not offer any improvement in diagnostic efficacy.
PIL-8 has an area under the ROC curve essentially identical to that of PIL-6 (0.708 vs 0.704) ( Table 2) , with a higher percentage of infectious effusions above the cutoff value of 123 pg/mL (60% parapneumonic and 93% empyemic effusions); therefore, it is more sensitive than PIL-6 (73.5% compared with 38.2%). Segura et al 17 and Alemán et al 18 also observed an increase in PIL-8 in infectious effusions. However, given the high percentage of false-positives (34%) ( Table 5) , the specificity decreases considerably compared with PIL-6 (65.1% versus 97.4%). The large number of PIL-8 false-positives, also observed by others, 19, 20 is mainly present among the exudates group (62% of tuberculous, 44% of paraneoplastic, and 17% of miscellaneous exudate groups) in which the differential diagnosis is more problematic. However, PIL-8 is very useful in the diagnosis of empyemas, mainly those that have a cell count lower than the cutoff values. In the 4 empyema cases in our study with a PNEU lower than the cutoff value of 1,115 cells/mm 3 , PIL-8 was increased above the 123 pg/mL cutoff. This difference, also observed by Porcel et al, 21 could serve as a helpful criterion when assessing the need to insert a drainage tube. In the diagnosis of empyema, PIL-8, for a cutoff of 750 pg/mL and an AOC of 0.872, has a sensitivity of 78.6%, a specificity of 88.4%, a positive LR of 6.75, and a negative LR of 0.24 (data not shown). This higher diagnostic yield in the case of empyemas with a low PNEU count could also be supported by the lack of correlation observed between PIL-8 and PNEU (Table 4) .
Paradoxically, as has been observed by other authors, 17, 19 and unlike PIL-6 and PIL-1, the peripheral blood levels of IL-8 were decreased in the parapneumonic and empyematous group compared with the rest of the groups.
PIL-1, with an AOC greater than that of PIL-6 and PIL-8 (0.739; P = .539 and P = .812; Table 2 ), had a sensitivity of 55.6% and a specificity of 91.3%, with a higher diagnostic yield than PIL-6 for the diagnosis of an effusion of infectious origin, although the empyematous effusions had 87% of PIL-1 values above the 19.1 pg/mL cutoff compared with only 29% of the parapneumonic effusions. With the same cutoff value of 19.1 pg/mL, PIL-1 has an AOC of 0.878 for the diagnosis of empyemas, with a sensitivity of 86.7%, a specificity of 89.3%, a positive LR of 8.09, and a negative LR of 0.15 (data not shown), improving the yield obtained with PIL-8. As happened with PIL-6, 100% of the miscellaneous exudates had a PIL-1 value lower than the cutoff value. Momi et al 22 did not find a significant difference in the determination of PIL-1 in 106 exudates, 27 of them parapneumonic, although SilvaMejías et al, 5 in a study of 102 patients, found an increased PIL-1 level in 100% of empyemas and in 15% of the parapneumonic effusions. On the other hand, Xirouchaki et al, 4 in a study of 59 patients, did not find a statistically significant difference in PIL-1 values in the 3 exudate groups studied: parapneumonic, paraneoplastic, and tuberculous. Our results are more consistent with those of Silva-Mejías et al. 5 The lower AOC of SIL-1 (0.599) makes it of very limited usefulness in clinical practice.
As regards the cell counts in pleural fluid, the parapneumonic and empyematous effusions had a higher concentration of neutrophils than the rest of the groups, similar to that observed by Rahman and Davies. 3 In our study, neutrophils, with an AOC of 0.816, for a cutoff value of 1,115 cells/mm 3 , showed a sensitivity of 62.9% and a specificity of 91.1%, which meant that the neutrophil cell count in pleural fluid was the most useful parameter compared with the 3 interleukins studied: PIL-6, PIL-8, and PIL-1. In our study, only 9% of the noninfectious effusions had a PNEU count above the cutoff value of 1,115 cells/mm 3 (4 tuberculous, 4 paraneoplastic, 10 miscellaneous exudates, and 2 transudates). However, 35% of the effusions from the infectious group had an absolute neutrophil count less than the cutoff value (48% of the parapneumonic and 21% of the empyemic effusions).
As mentioned by other authors, 15, 17, 19, 21 the P/S ratios of the cytokines (IL-6, IL-8, and IL-1) demonstrate that they have a higher concentration in pleural fluid compared with peripheral blood. This indicates that these cytokines accumulate at the site of the pathologic process, although their AOCs do not make them very useful in clinical practice. Hoheisel et al 23 did not find a difference in the IL-1 levels in the fluid and serum of malignant effusions, although in our study, 63% of paraneoplastic effusions had a P/S ratio for IL-1 of greater than 1. In an attempt to improve the differential diagnosis obtained with these parameters, we combined the values of the different cytokines in pleural fluid, with themselves and with the parameter that had the highest diagnostic yield (PNEU) ( Table 3 ). The best results we obtained fulfilled the criterion PIL-1 and/or PNEU above the cutoff values (77,363 pg/mL and 1,115 cell/mm 3 , respectively). This criterion was fulfilled in 76% of infectious effusions (67% of parapneumonic and 88% of empyematous). Likewise, there were false-positives with this double criterion: 37% of tuberculous effusions, 11% of paraneoplastic effusions, 19% of miscellaneous exudates, and 3% of the transudates. The application of this double criterion (PIL-1 and/or PNEU above the cutoff values established in our study) has a sensitivity of 75.7%, a specificity of 83.1%, a positive LR of 4.48, and a negative LR of 0.29, which gives a diagnostic yield higher than any of the other parameters studied ( Table 2) .
As shown in Table 5 , the parameter with fewer wrongly classified effusions within the infectious group was the IL-6 P/S ratio (>202), with 15% of effusions not fulfilling the criterion. This ratio also classified the parapneumonic effusions better (19% wrongly classified), although the empyemas classified better with PIL-8, with which only 8% had values lower than the 123 pg/mL cutoff. As regards the rest of the effusions, tuberculous, paraneoplastic, miscellaneous exudates, and transudates, PIL-6 was the cytokine that better classified these diseases, with percentages of patients wrongly classified (according to the criteria in Table 2 ) of 7%, 2%, 0%, and 2%, respectively. We also noted that in the miscellaneous exudates group, all effusions had PIL-6 and PIL-1 levels lower than the established cutoff values of 77,363 pg/mL and 19.1 pg/mL, respectively; therefore, levels above those completely ruled out these conditions. It is also noteworthy that 100% of the empyemas studied had an LDH level in pleural fluid higher than the 350 U/L cutoff, although 29% of all the cases with infectious fluids lacked a diagnosis, as only 43% of the pneumonias had pleural fluid with an LDH level in pleural fluid higher than the cutoff.
We believe that the determination of proinflammatory cytokine levels in the pleural effusion process would entail a saving in time in diagnosis and initiating therapeutic measures. Measuring the PIL-6 or PIL-1 level, in the case of exudates, would enable diseases other than infections and neoplasms to be ruled out. Likewise, an effusion with a low absolute neutrophil count would give a diagnosis of empyema with a sensitivity of 78.6% and a specificity of 88.4% by means of the presence of an increased PIL-8 value, and the joint measurement of PIL-1 and PNEU increases the diagnostic yield of the traditional parameter, PNEU, for nontuberculous pleural infections.
